
- Photoemission

- 2 GHz pulse counting linear detector (after c/plates)
- 10 years of development!

- Diffraction / tomography / imaging / optical microscopy……..

- column parallel CCD (LDRD funded)
- 30 micron pixels, 120 frames / sec, 16 bits

- Proposals

- LCLS: CP-CCD in a SAXS / WAXS configuration

- LCLS: direct detection CP-CCD

- BES: energy / time resolving x-ray pixel detector

- reviewed and stalled for present!

- ………….

Development of Detectors for ALS
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1D pulse counting detector for Photoemission
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1D pulse counting detector for PES: first results



• Speed increased by NPORTS

• NH large enough to minimize the
number of ADCs needed

• NH small enough to ensure 120 Hz
readout

• Only possible with high integration
→ Integrated Circuits

• Applications in x-ray, optical and
electron detectors

Column Parallel CCDs
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Thick, deeply depleted, back illuminated CCDs
and CMOS CCD readout used in SNAP



- Custom CCD

- 2k x 4k 15 micron pixels

- 300 µm depletion

LBNL fully depleted back illuminated CCDs



• 16-bit multi-slope front-end
– 2 e− noise at 100 kHz

• 13-bit pipelined ADC
– INL < +/-1.5 LSB
– DNL <+/-0.5 LSB

• 10 mW/channel

• Space qualified

• 4 channels/chip for SNAP

• 100s of channels for CP-CCDs

750750 µµmm

SNAP CCD Readout Chip (CRIC)



Double 2x2 array phosphor - fiber - CCD x-ray detector

CCD cooling lines

Detector 1

connector to FPGA

Detector 2



Brandeis phosphor- 4:1 taper – CCD detector for PX

GdO2S:Tb 13 mg/cm2 , 4:1 taper
8 keV

FWHM = 120 microns
FW@10% = 260 microns
FW@1% = 410 microns



Typical DQE as a function of intensity (4x4 binning)
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Where you normally are for high resolution structure determination at the edge of the detector



Improving resolution and DQE using 1:1 fiber coupling

GdO2S:Tb 10 mg/cm2 4 micron grains
8 keV

FWHM = 38 microns
FW@1% = 147 microns

1:1 fiber

taper fiber

-increasing ‘beam’ angle with distance

- light progressively is lost through EMA



Structured phosphors reduce the psf tails

CsI:Tl, 37 microns thick (very thick for 8 keV)
8 keV

FWHM = 40 microns
FW@1% = 105 microns

CCD

structured
phosphor thin film phosphor



Improve resolution using structured phosphors



Eliminate psf tails: use a cellular phosphor

CsI:Tl, 250 microns thick
30 keV

9 LP/mm resolution

CsI:Tl filled cells

45 micron square Si cells
Oxidized / Rh coated



Fast detectors need fast phosphors

- Gd2O2S:Pr 1%: intensity drops to 10-7 at LCLS rep rate

- phosphor developed by Applied Scintillator Technology, UK

J. P Creasy and G. C. Tyrrell, SPIE 3942 (2000), 114 - 121



- Protein crystallography
- huge improvement in low signal / high spatial frequency DQE
- enables many frames to be taken, eg. fine phi slicing
- means better high resolution data and data on large unit cell (weak scattering) systems

- Tomography
- match frame rate to acquisition rate: factor 100

- Microdiffraction
- match frame rate to acquisition rate: factor 100

- SAXS
- enable few msec time resolved studies

- Coherent x-ray diffractive imaging
- allow hugely improved effective dynamic range

- Optical microscopy
- improved dynamic range and enabling of faster dynamics studies

- Direct x-ray and electron detection at high rates, excellent spatial resolution

- …………and 101 other areas

Use of CP-CCDs in optimized geometries



This is what we are involved in now:

- CP-CCD funded by strategic LDRD
- follow on funding from LCLS?
- follow on funding from…?

- 1d electron detector
- finished (almost)

This is a very short list!

- we need to expand the range of areas we are working in
- need to identify key needs
- need to identify funding
- need to establish a significant ALS detector group

Where are we now in detector work at ALS



Swiss Light Source
- full scale x-ray pulse counting pixel detector for protein crystallography
- several linear and area pixel detectors for powder diffraction and other apps.
- advanced detectors are starting to give SLS a strategic advantage

- gestation period for projects makes this lead very difficult to catch up

Diamond / RAL
- RAL are responsible for provision of advanced detectors for Diamond
- pixel, strip, CP-CCD etc

European Synchrotron Radiation Facility
- their new medium term plan focuses on detectors as the next target area
-pixel detectors of all flavors

We need to be aware of the international competition
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What areas of electronic detector research are important to ALS

Photoemission
- CP-CCD (evolution from present 2d system)
- 2d pixel detector (after c/plate; lots of signal!)

X-ray diffraction (Protein crystallography, small mol chem. crystallography…)
- CP-CCD (phosphor / taper); work on phosphors needed
- CP-CCD (direct detection: best point spread function; limited dynamic range)
- 2d hybrid pixel detector (direct detection, largest complexity)

- time stamping and energy resolution crucial new features (for some expts)

Hard x-ray imaging
- tomography (single crystal [structured] scintillator / microscope objective); CP-CCD

Soft x-ray imaging
- cellular imaging (CP-CCD)

Electron imaging
- CP-CCD
- MAPS (also suitable for ARPES, without c/plate; electrons accelerated to 10 keV, detected in Si)



What technologies / skills do we need for this

Microelectronics
- CCD readout, MAPS, ASICs….

Detector elements
- phosphors, structured arrays, fiber couplers
- photodiode arrays, eg. Si, GaAs…
- direct charge injection, eg. a-Se, HARP…

Fully depleted thick CCDs

Backend processing
- FPGA, DSP….

System integration
- engineering of complete systems including data processing

Detector testing
- testing in the lab and on the beamline
- absolute quantification of detector performance

R&D
- we need to work on exploratory technologies as well as defined projects

Finding funding
- very time consuming, significant opportunities



Thanks to……

Provision of info / ppts:

Protein crystallography
- Paul Adams, James Holton, Corie Ralston, Paul Adams, Alastair MacDowell

ALS Accelerator
- David Robin

History of SR
- Herman Winnick

Photoemission
Eli Rotenberg

Detectors
Peter Denes, Chris Bebek, Hendrik von der Lippe, Chuck Fadley, ….

Soft x-ray tomography
Carolyn Larabell, Mark LeGros

and especially to Peter Denes for helping to get an ALS detector program off the ground


